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Despite greater than 99% of influenza A viruses circulating in the Asia-Pacific region being resistant to the
adamantane antiviral drugs in 2011, the large majority of influenza A (>97%) and B strains (�99%)
remained susceptible to the neuraminidase inhibitors oseltamivir and zanamivir. However, compared
to the first year of the 2009 pandemic, cases of oseltamivir-resistant A(H1N1)pdm09 viruses with the
H275Y neuraminidase mutation increased in 2011, primarily due to an outbreak of oseltamivir-resistant
viruses that occurred in Newcastle, as reported in Hurt et al. (2011c, 2012a), where the majority of the
resistant viruses were from community patients not being treated with oseltamivir. A small number of
influenza B viruses with reduced oseltamivir or zanamivir susceptibility were also detected. The
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increased detection of neuraminidase inhibitor resistant strains circulating in the community and the
detection of novel variants with reduced susceptibility are reminders that monitoring of influenza viruses
is important to ensure that antiviral treatment guidelines remain appropriate.

� 2012 Published by Elsevier B.V.
Table 1
Influenza A and B virus isolates from 2011 analysed in the NA inhibition assay.

Country Influenza virus type/subtype/lineage

A(H1N1)pdm09 A(H3N2) B
Victoriaa

B
Yamagataa

Australia 913 551 672 12
Brunei 23 – – –
Cambodia 43 18 104 –
Fiji 2 – 16 –
Macau (SAR,

China)
13 11 9 6

Malaysia 6 13 – 1
New Caledonia 5 4 – –
New Zealand 39 102 185 3
Papua New Guinea 5 1 – 1
Philippines 54 18 15 15
Singapore 43 48 31 10
Sri Lanka 2 12 13 2
Thailand 14 17 28 2

Total 1162 795 1073 52

a Influenza B viruses from the antigenically distinct HA lineages represented by
the strains B/Victoria/2/87 and B/Yamagata/16/88.
1. Background

Influenza antivirals are important for the prophylaxis and treat-
ment of influenza, particularly in severely ill or high-risk patients
with underlying health conditions. There are two classes of influ-
enza antivirals currently approved in many countries, the M2 ion
channel inhibitors (adamantanes) and the neuraminidase inhibi-
tors (NAIs). As a result of widespread adamantane resistance in
influenza A viruses (Barr et al., 2007; Bright et al., 2005), the NAIs
are the only class of drug currently recommended for the treat-
ment of influenza (CDC, 2011). Oseltamivir (Tamiflu) has been
the most commonly used and widely available NAI worldwide
while a second NAI, zanamivir (Relenza), has been used far less.
Since the introduction of NAIs to the market in 1999, zanamivir-
resistant viruses have been rarely detected (Gubareva et al.,
1998; Ison et al., 2006), while oseltamivir resistance is more com-
mon (Hurt et al., 2009a; Meijer et al., 2009). Here we summarize
the antiviral susceptibility of influenza A(H1N1)pdm09, A(H3N2)
and B virus isolates collected in the Asia-Pacific region during
2011 through the WHO Global Influenza Surveillance and Re-
sponse System (GISRS). While we recognise that the lack of surveil-
lance data from larger countries in the region such as China
(excluding Macau, SAR China), Korea and Japan may be a limitation
of this report, the number and diversity of viruses tested from the
13 Asia-Pacific countries in this study represents a broad sample
from which to assess the antiviral sensitivity of influenza viruses
in the region.

2. Adamantane resistance

Adamantane susceptibility was determined for 344 influenza A
viruses by sequencing for substitutions in residues 26, 27, 30, 31 or
34 of the M2 gene that have previously been associated with ada-
mantane resistance (Bright et al., 2005). All A(H1N1)pdm09 viruses
(136/136) and all except one A(H3N2) (167/168) virus tested con-
tained the S31N M2 substitution known to confer adamantane
resistance. Substitutions in residues 26, 27, 30 or 34 were not de-
tected. The single adamantane-sensitive A(H3N2) strain was iso-
lated from a two year old male patient in the Philippines and did
not contain any of the M2 gene mutations known to be associated
with adamantane resistance. These data suggest that the vast
majority of currently circulating seasonal influenza A viruses in
the Asia-Pacific remain resistant to the adamantanes, supporting
the current advice recommending against their use (CDC, 2011).

3. NAI susceptibility of influenza A and B viruses

NAI susceptibility was determined for 1957 influenza A and
1125 influenza B virus isolates from 13 countries and territories
in the Asia-Pacific region (Table 1). Viruses were cultured in Ma-
din–Darby Canine Kidney (MDCK) cells and tested in a fluores-
cence-based neuraminidase (NA) enzyme inhibition assay (Hurt
et al., 2012b) to yield an IC50 value (concentration required to inhi-
bit NA activity by 50%).

Briefly, viruses were incubated in the presence of a range of
oseltamivir or zanamivir concentrations at room temperature for
45 min. 2-(4-Methylumbelliferyl)-a-D-N-acetylneuraminic acid
(MUNANA; Sigma–Aldrich Corp. St. Louis, MO, USA) was added at
a final concentration of 100 lM and was incubated for 60 min.
The reaction was stopped by the addition of 100 lL stop solution
(0.14 M NaOH in absolute ethanol). The plates were read using a
Labsystems Fluoroskan II fluorimeter set at 355 nm (excitation
wavelength) and 465 nm (emission wavelength) and the IC50 of
each virus determined using Robosage curve fitting software
(GlaxoSmithKline).

Based on their IC50, viruses were categorised as showing either
‘‘normal inhibition’’, ‘‘reduced inhibition’’, or ‘‘highly reduced inhi-
bition’’ according to criteria recently recommended by the WHO
GISRS Expert Committee for Antiviral Resistance in Influenza
(WHO, 2012). These criteria categorise influenza A viruses as
showing ‘‘reduced inhibition’’ if an IC50 is 10- to 100-fold greater,
and ‘‘highly reduced inhibition’’ if an IC50 is 100-fold or greater
than the mean IC50 of viruses with normal inhibition from the
same subtype. For influenza B viruses the criterion for ‘‘reduced
inhibition’’ is an IC50 5- to 50-fold greater, and ‘‘highly reduced
inhibition’’ if the IC50 is 50-fold or greater than the mean of normal
influenza B strains (WHO, 2012).

In addition to the isolates tested in the NA inhibition assay, 273
clinical samples containing A(H1N1)pdm09 viruses that were not
able to be cultured were analysed in a pyrosequencing assay for
the presence of the H275Y NA mutation (NA amino acid numbering
used throughout this paper for N1, N2 and B sequences is based on
counting amino residues from the first methionine residue) (Deng
et al., 2011). This is the most commonly detected oseltamivir-resis-
tance mutation in N1-containing viruses (Hurt et al., 2011b).

Ninety-nine percent (3043/3082) of influenza A and B viruses
tested from the Asia-Pacific in 2011 displayed normal inhibition
by both oseltamivir and zanamivir. The mean oseltamivir and
zanamivir IC50 values of A(H1N1)pdm09 and A(H3N2) viruses with
normal inhibition remained less than 1 nM, whilst the mean
zanamivir and oseltamivir IC50 values of influenza B viruses with
normal inhibition were 1.7 nM and 12.2 nM, respectively, 3-fold
and 30-fold higher than that of influenza A viruses (Table 2). These
mean IC50 values are similar to our previous data, confirming that
the base-line susceptibility of circulating viruses has not changed
significantly over the last several years (Hurt et al., 2004, 2011b).



Table 2
Number and frequency of virus isolates identified in 2011 by the NA inhibition assay with normal, reduced or highly reduced oseltamivir and zanamivir inhibition.

NAI Classification A(H1N1)pdm09 (n 1162) H3N2 (n 795) B Victoria (n 1073) B Yamagata (n 52)

Oseltamivir Normal inhibition 1135 (97.7%)
[0.4 ± 0.3 nM]*

795 (100%)
[0.3 ± 0.2 nM]*

1070 (99.7%)
[12.1 ± 6.4 nM]*

52 (100%)
[12.2 ± 5.3 nM]*

Reduced inhibitiona 0 0 3 (0.3%) 0
Highly reduced inhibitionb 27 (2.3%)c 0 0 0

Zanamivir Normal inhibition 1141 (98.2%)
[0.3 ± 0.2 nM]*

794 (99.9%)
[0.5 ± 0.2 nM]*

1072 (99.9%)
[1.7 ± 0.7 nM]*

52 (100%)
[1.9 ± 0.9 nM]*

Reduced inhibitiona 7 (0.6%)d 1 (0.1%)d 1 (0.1%) 0
Highly reduced inhibitionb 14 (1.2%)d 0 0 0

* Mean IC50 ± SD (nM) of all influenza A or B isolates showing normal inhibition against oseltamivir or zanamivir, based on a single IC50 determination for each virus.
a Influenza A viruses: IC50 = 10- to 100-fold greater than the mean IC50 of influenza A viruses from same subtype with normal inhibition; influenza B viruses: IC50 = 5- to 50-

fold greater than the mean IC50 of influenza B viruses from same lineage with normal inhibition.
b Influenza A viruses: IC50 P 100-fold of the mean IC50 of influenza A viruses from same subtype with normal inhibition; influenza B viruses: IC50 P 50-fold of the mean

IC50 of influenza B viruses from same lineage with normal inhibition.
C Seventeen of the 27 isolates were from the Newcastle outbreak. The remaining 10 isolates (0.9%) were from other regions and were not associated with the Newcastle

outbreak.
d These isolates contained either a Q136K or Q136R NA substitution. These mutations appeared only in MDCK cell culture isolates, but not in clinical specimens.
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4. A(H1N1)pdm09 viruses – NAI susceptibility

Twenty-seven A(H1N1)pdm09 viruses (2.3%) had oseltamivir
IC50 values in the highly reduced inhibition range (Table 2). All of
these viruses contained a H275Y NA substitution, and had a mean
oseltamivir IC50 value of 345 nM, 930-fold higher than that of
viruses with normal inhibition, but remained susceptible to
zanamivir. A further 15 A(H1N1)pdm09 H275Y variant viruses
were detected in clinical specimens analysed by pyrosequencing,
resulting in a total of 42 H275Y viruses detected from 1435
A(H1N1)pdm09 isolates or specimens tested (2.9%). Thirty-two of
the H275Y variants were part of a cluster of cases centred around
the city of Newcastle, NSW, Australia, which has been reported
previously (Hurt et al., 2011c, 2012a).

Based on genetic analysis, the remaining 10 (0.9%) H275Y vari-
ants of 2011 were from Brunei (n = 1), the Philippines (n = 2) and
various regions of Australia (n = 7) and were not considered part
of the ‘Newcastle cluster’.

Of the 42 H275Y 2011 cases, information regarding antiviral
treatment was available for 36 patients. The majority of these pa-
tients (33/36, 91%) were from the community and were not being
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Fig. 1. Oseltamivir-resistant A(H1N1)pdm09 H275Y cases with no known exposure to
resistant A(H1N1)pdm09 H275Y cases with no known exposure to oseltamivir or contac
study and Hurt et al., 2011b), the United States (Storms et al., 2012) and the United Kingd
Newcastle outbreak.
treated with oseltamivir, whereas in 2009–2010 the majority of
H275Y cases (with known treatment information) (15/23, 65%)
were from hospitalised patients undergoing oseltamivir treatment
(Hurt et al., 2011b) (Fig. 1). This increase in H275Y virus detection
in patients with no known oseltamivir exposure has also been seen
in the United States and United Kingdom during their 2010–2011
influenza seasons (summarised in Fig. 1) (Lackenby et al., 2011;
Storms et al., 2012), and may suggest a change in the ability of
H275Y A(H1N1)pdm09 viruses to transmit in the absence of osel-
tamivir selective pressure.

Although 21/1141 (1.8%) A(H1N1)pdm09 tested had reduced or
highly reduced zanamivir inhibition (Table 2), all of these 21 iso-
lates contained either a Q136K or Q136R NA substitution that
appeared to arise only during MDCK cell culture, as analysis of
the corresponding clinical specimen failed to detect these
substitutions. If this is taken into account, none of the 2011
A(H1N1)pdm09 viruses found in patient samples would be ex-
pected to have reduced zanamivir inhibition. The Q136K variant
has been shown previously to arise in seasonal A(H1N1) viruses
during MDCK cell culture (Hurt et al., 2009b; Okomo-Adhiambo
et al., 2010), and therefore the detection of Q136K and Q136R
d States United Kingdom
0 2010/11 2009/10 2010/11

(25/34)

(5/44)

(10/24)

et al., 2012) (Lackenby et al., 2011)

oseltamivir. Since the first year of the 2009 pandemic the number of oseltamivir-
t with known cases of oseltamivir resistance has increased in the Asia-Pacific (this
om (Lackenby et al., 2011). ⁄31 of the 33 H275Y untreated cases were related to the



Table 3
Influenza A(H3N2) and B viruses with reduced or highly reduced inhibition in 2011.

Designation Subtype/type/lineage NA mutation(s) Inhibition category Oseltamivir IC50 (nM)*

(fold difference)a
Zanamivir IC50 (nM)*

(fold difference)a

A/Victoria/649/2011 A(H3N2) Q136Kc Reduced inhibition 0.1 ± 0.0 13.5 ± 0.8 (27)
B/Philippines/2519/2011 B Victoria A245Sb Reduced inhibition 83.3 ± 7.2 (7) 0.6 ± 0.1
B/Wellington/39/2011 B Victoria I221Tb Reduced inhibition 221.6 ± 46.6 (18) 2.1 ± 0.0
B/Waikato/21/2011 B Victoria A245Td Reduced inhibition 237.9 ± 31.8 (20) 54.5 ± 9.7 (32)

* Mean IC50 ± SD (nM), each virus tested in triplicate.
a Fold increase relative to the mean IC50 of viruses of that type/subtype and only included when P 5.
b Detected in clinical specimen and virus isolate.
c Only detected in virus isolate.
d Clinical specimen not available.
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substitutions in A(H1N1)pdm09 viruses serves as a reminder to
check the sequence of viruses in clinical specimens after an isolate
has been identified with an increased IC50.

In early 2011, we also detected a small cluster of viruses (n = 22)
isolated from cases in northern Australia and Singapore that con-
tained a S247N NA substitution (Hurt et al., 2011a). Although the
S247N mutation alone conferred only a mild increase in oseltami-
vir IC50 that did not reach the threshold for ‘reduced inhibition’
(mean oseltamivir IC50 value of S247N variants was 2.5 nM, 6-fold
greater than viruses with normal inhibition), when combined with
the H275Y mutation, the two mutations conferred an oseltamivir
IC50 that was 8-fold higher than a virus with the H275Y mutation
alone (Hurt et al., 2011a).
5. A(H3N2) viruses – NAI susceptibility

All 795 A(H3N2) isolates had normal oseltamivir inhibition and
all except one had normal zanamivir inhibition. The one virus that
showed reduced zanamivir inhibition contained a Q136K substitu-
tion that was present only in the MDCK isolate not in the clinical
specimen, a similar finding to that seen in the A(H1N1)pdm09 iso-
lates with this mutation. Taking this into account it would be ex-
pected that 0% of 2011 A(H3N2) viruses found in patients would
be expected to have reduced inhibition to zanamivir.
6. B viruses – NAI susceptibility

Of the 1125 influenza B viruses tested, three showed reduced
inhibition, all of which were from the B/Victoria/2/87 HA lineage
(Table 3). Two viruses with reduced oseltamivir inhibition, one
from the Philippines and the other from New Zealand, had an osel-
tamivir IC50 of 83 nM and 222 nM, respectively, 7- to 18-fold high-
er than B viruses with normal inhibition. The Philippines virus
contained a A245S NA mutation, while the New Zealand strain con-
tained an I221T NA mutation, a substitution detected recently in a
number of influenza B viruses from North Carolina during the
2010/11 USA influenza season (Sleeman et al., 2011). The only
influenza B virus isolate that showed reduced zanamivir inhibition
was B/Waikato/21/2011, which had a 20-fold reduction in osel-
tamivir susceptibility and a 32-fold reduction in zanamivir suscep-
tibility, and contained an A245T NA mutation at the same residue
as the B/Philippines/2519/2011 virus which had an A245S muta-
tion and normal zanamivir inhibition (Table 3). While the roles
of these novel influenza B mutations in NAI susceptibility need to
be confirmed by reverse genetics experiments, it is interesting to
note that the NA residue A245 in influenza B is equivalent to resi-
due S247 in the A(H1N1)pdm09 viruses (Nguyen et al., 2012), the
site of the S247N mutation that conferred a minor reduction in sus-
ceptibility in Australian and Singaporean A(H1N1)pdm09 viruses
as described previously (Hurt et al., 2011a).
7. Conclusions

Surveillance for antiviral susceptibility of influenza viruses from
2011 in the Asia-Pacific showed that NAI resistance in
A(H1N1)pdm09, A(H3N2) and B viruses remained low, although
>99% of influenza A strains continued to be resistant to the ada-
mantane drugs. The sporadic episodes of community transmission
of viruses with reduced oseltamivir susceptibility such as S247N
or, more importantly, H275Y variants raise concerns that these
strains may spread globally. The Newcastle cluster of H275Y cases
represented the most widespread emergence of A(H1N1)pdm09
oseltamivir-resistant viruses in a community setting to date and
contributed significantly to the number of H275Y cases detected
in this study. Without the Newcastle outbreak, no increase in com-
munity cases of H275Y would have been detected in the Asia Paci-
fic region in 2011. The frequency A(H3N2) and influenza B viruses
showing reduced NAI inhibition continues to be much lower than
that seen for A(H1N1)pdm09 viruses, although a small number of
novel B variants were identified which warrant further analysis.
Because wild type influenza B viruses have an oseltamivir IC50 that
is already 30-fold higher than that of influenza A viruses, B viruses
should be monitored for NA mutations that shift the IC50 even
higher, potentially causing a loss in drug effectiveness. By focusing
surveillance efforts on community specimens, the chances of rap-
idly detecting clusters of resistant viruses that may be spreading
will be improved. Continued surveillance remains important
throughout the Asia-Pacific region to ensure the appropriate use
of influenza antiviral drugs.

Acknowledgements

The authors thank the laboratories and clinicians that submit
specimens and isolates to the Melbourne WHO CCRRI. Oseltamivir
carboxylate, the active form of the ethyl ester prodrug oseltamivir
phosphate, was kindly provided by Hoffmann-La Roche Ltd,
Switzerland; zanamivir was kindly provided by GlaxoSmithKline,
Australia. The Melbourne WHO Collaborating Centre for Reference
and Research on Influenza is supported by the Australian
Government Department of Health and Ageing.

References

Barr, I.G., Hurt, A.C., Iannello, P., Tomasov, C., Deed, N., Komadina, N., 2007.
Increased adamantane resistance in influenza A(H3) viruses in Australia and
neighbouring countries in 2005. Antiviral Res. 73, 112–117.

Bright, R.A., Medina, M.J., Xu, X., Perez-Oronoz, G., Wallis, T.R., Davis, X.M., Povinelli,
L., Cox, N.J., Klimov, A.I., 2005. Incidence of adamantane resistance among
influenza A (H3N2) viruses isolated worldwide from 1994 to 2005: a cause for
concern. Lancet 366, 1175–1181.

CDC, 2011. Influenza Antiviral Medications: A Summary for Clinicians. Available
form: http://www.cdc.gov/flu/professionals/antivirals/summary-
clinicians.htm>.

Deng, Y.M., Caldwell, N., Hurt, A., Shaw, T., Kelso, A., Chidlow, G., Williams, S., Smith,
D., Barr, I., 2011. A comparison of pyrosequencing and neuraminidase inhibition

http://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm
http://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm


210 S.-K. Leang et al. / Antiviral Research 97 (2013) 206–210
assays for the detection of oseltamivir-resistant pandemic Influenza A(H1N1)
2009 Viruses. Antiviral Res. 90, 87–91.

Gubareva, L.V., Matrosovich, M.N., Brenner, M.K., Bethell, R.C., Webster, R.G., 1998.
Evidence for zanamivir resistance in an immunocompromised child infected
with influenza B virus. J. Infect. Dis. 178, 1257–1262.

Hurt, A., Lee, R., Leang, S., Cui, L., Deng, Y., Phuah, S., Caldwell, N., Freeman, K.,
Komadina, N., Smith, D., Speers, D., Kelso, A., Lin, R., Maurer-Stroh, S., Barr, I.,
2011a. Increased detection in Australia and Singapore of a novel influenza
A(H1N1)2009 variant with reduced oseltamivir and zanamivir sensitivity due to
a S247N neuraminidase mutation. Euro Surveill. 16, 19884.

Hurt, A.C., Barr, I.G., Hartel, G., Hampson, A.W., 2004. Susceptibility of human
influenza viruses from Australasia and South East Asia to the neuraminidase
inhibitors zanamivir and oseltamivir. Antiviral Res 62, 37–45.

Hurt, A.C., Deng, Y., Ernest, J., Caldwell, N., Leang, L., Iannello, P., Komadina, N., Shaw,
R., Smith, D., Dwyer, D.E., Tramontana, A.R., Lin, R.T., Freeman, K., Kelso, A., Barr,
I.G., 2011b. Oseltamivir-resistant influenza viruses circulating during the first
year of the influenza A(H1N1)2009 pandemic in the Asia-Pacific region, March
2009 to March 2010. Euro, Surveill, 16.

Hurt, A.C., Ernest, J., Deng, Y., Iannello, P., Besselaar, T.G., Birch, C., Buchy, P.,
Chittaganpitch, M., Chiu, S.C., Dwyer, D.E., Guigon, A., Harrower, B., Kei, I.P., Kok,
T., Lin, C., McPhie, K., Mohd, A., Olveda, R., Panayotou, T., Rawlinson, W., Scott, L.,
Smith, D., D’Souza, H., Komadina, N., Shaw, R., Kelso, A., Barr, I.G., 2009a.
Emergence and spread of oseltamivir-resistant A(H1N1) influenza viruses in
Oceania, South East Asia and South Africa. Antiviral Res. 83, 90–93.

Hurt, A.C., Hardie, K., Wilson, N.J., Deng, Y.M., Osbourn, M., Gehrig, N., Kelso, A.,
2011c. Community transmission of oseltamivir-resistant A(H1N1)pdm09
influenza. N. Engl. J. Med. 365, 2541–2542.

Hurt, A.C., Hardie, K., Wilson, N.J., Deng, Y.M., Osbourn, M., Leang, S.K., Lee, R.T.,
Iannello, P., Gehrig, N., Shaw, R., Wark, P., Caldwell, N., Givney, R.C., Xue, L.,
Maurer-Stroh, S., Dwyer, D.E., Wang, B., Smith, D.W., Levy, A., Booy, R., Dixit, R.,
Merritt, T., Kelso, A., Dalton, C., Durrheim, D., Barr, I.G., 2012a. Characteristics of
a widespread community cluster of H275Y oseltamivir-resistant
A(H1N1)pdm09 influenza in Australia. J. Infect. Dis. 206, 148–157.

Hurt, A.C., Holien, J.K., Parker, M., Kelso, A., Barr, I.G., 2009b. Zanamivir-
resistant influenza viruses with a novel neuraminidase mutation. J. Virol.
83, 10366–10373.
Hurt, A.C., Okomo-Adhiambo, M., Gubareva, L.V., 2012b. The fluorescence
neuraminidase inhibition assay: a functional method for detection of
influenza virus resistance to the neuraminidase inhibitors. Methods Mol. Biol.
865 (115–25), 115–125.

Ison, M.G., Gubareva, L.V., Atmar, R.L., Treanor, J., Hayden, F.G., 2006. Recovery of
drug-resistant influenza virus from immunocompromised patients: a case
series. J. Infect. Dis. 193, 760–764.

Lackenby, A., Moran, G.J., Pebody, R., Miah, S., Calatayud, L., Bolotin, S., Vipond, I.,
Muir, P., Guiver, M., McMenamin, J., Reynolds, A., Moore, C., Gunson, R.,
Thompson, C., Galiano, M., Bermingham, A., Ellis, J., Zambon, M., 2011.
Continued emergence and changing epidemiology of oseltamivir-resistant
influenza A(H1N1)2009 virus, United Kingdom, winter 2010/11. Euro Surveill.
16, 19784.

Meijer, A., Lackenby, A., Hungnes, O., Lina, B., van der Werf, S., Schweiger, B., Opp,
M., Paget, J., van de Kassteele, J., Hay, A., Zambon, M., 2009. Oseltamivir-
resistant influenza virus A (H1N1), Europe, 2007–08 season. Emerg. Infect. Dis.
15, 552–560.

Nguyen, H.T., Fry, A.M., Gubareva, L.V., 2012. Neuraminidase inhibitor
resistance in influenza viruses and laboratory testing methods. Antivir.
Ther. 17, 159–173.

Okomo-Adhiambo, M., Nguyen, H.T., Sleeman, K., Sheu, T.G., Deyde, V.M., Garten,
R.J., Xu, X., Shaw, M.W., Klimov, A.I., Gubareva, L.V., 2010. Host cell selection of
influenza neuraminidase variants: implications for drug resistance monitoring
in A(H1N1) viruses. Antiviral Res. 85, 381–388.

Sleeman, K., Sheu, T.G., Moore, Z., Kilpatrick, S., Garg, S., Fry, A.M., Gubareva, L.V.,
2011. Influenza B viruses with mutation in the neuraminidase active site, North
Carolina, USA, 2010–11. Emerg. Infect Dis. 17, 2043–2046.

Storms, A.D., Gubareva, L.V., Su, S.T., Wheeling, J.T., Okomo-Adhiambo, M., Pan, C.-Y.,
Reisdorf, E., St George, K., Myers, R., Wotton, J.T., Robinson, S., Leader, B.,
Thompson, M., Shannon, M., Klimov, A., Fry, A.M., 2012. Oseltamivir-resistant
pandemic (H1N1) 2009 virus infections, United States, 2010–11. Emerg. Infect.
Dis. 18, 308–311.

WHO, 2012. Meetings of the WHO working group on surveillance of influenza
antiviral susceptibility – Geneva, November 2011 and June 2012. Wkly.
Epidemiol. Rec. 39, 369–374.


	Influenza antiviral resistance in the Asia-Pacific region during 2011
	1 Background
	2 Adamantane resistance
	3 NAI susceptibility of influenza A and B viruses
	4 A(H1N1)pdm09 viruses – NAI susceptibility
	5 A(H3N2) viruses – NAI susceptibility
	6 B viruses – NAI susceptibility
	7 Conclusions
	Acknowledgements
	References


